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(64) Vitreous bead manufacture 

(57) In a method of manufacturing vitreous beads, a feedstock comprlsinfl vitreous particles is fed into a 
furnace {called a *'spherulizing furnace") in which the particles are heated to cause them to spherulize 
whereafter the spherulized particles are cooled. The feedstocit comprises particles of vitreous material 
which has been subjected to a maximum temperature not exceeding 1400X in course of its production 
and such feedstock particles are heated to a temperature above 1400*C in the spheruliating furnace. The 
use as such feedstock of unrefined or partially refined glass of various compositions such as soda-lime 
glass and alumlno-silicate, alumino-boro-silicate or boro-silicate glass is referred to, as are methods of 
preparing such a feedstock. 
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SPECIFICATION 

6 This Invention rdates to a method of manu^sicturfirig vitreous beads in which a feedstock 5 
comprising vitroous partictes Is fed into a fum&ce In which the particles ere heated to csiuse 
them to spheruHse whereafter the 0phenjil2ed portSdes are coofsdi. The invention eleo relates to 
vitreous particles which can be converted to rounded vltrsous bsads by heating the feedstock 
particles In a spheaiiizing furnace, and to a method of manufiacturing such particles. 

10 Vitreous beads M\ broadly into two main categories, nameSy solid beads and hollow beads. 10 
Beads in both categories fSnd widb uoe as fillers for ploethss mat^als for various purposes. 
Hollow beads are siso used as flUors for certain eitplosivos, espedally those baaed on an 
aqueous emulsion, in order to increase their brtsance. Solid beads ere also Incorporated in paint 
for the manufacture of reflective signs, for example road signs, and are used for shot- or sand- 

16 blasting. 15 
It is weii known to manufacture solid gteo^ beads by sphemlising crushed gilaes cullet, for 
6)tampte originating from waste ofteuts from a flat glass manufeoturing plant. 

Holk>w glass beads are usually fomned from a feedstock m@de by p^Sletif^ a slip based on a 
solution of sodium silicate which may have been reacted with some other ingredient such as 

20 boric acid and which contains a substance such as urea which win evolve gas when the pellets 20 
are vKrfffed and spherulized in a spherulizing furnace. Tlie vitreous bi^s formed by such 
processes necessisi^ly have a rather high alEtQli nnetat ion content, which for some purposes Is 
not acceptable. The beads are very susceptible to attack by hydrolysis, in consequence of which 
the initial adherence between the beads and any pSasttos materials In which they are used as 

25 filler is rapidly weakened and the ageing properties of the fllEed pllastlcs product are consequently 25 
poor. Also, the ageing properties of a fied eupbsive are poor: ^ adivantage of Increased 
brisance is scon lost, and there win eventuaHiy be a reduction in G^staince. In order to overcome 
these d^dvantages, such beads may be subjected to an actol (eachsng treatment to reduce their 
alkali metal ion content, but such dealkallsing treatment adds furtther to the cost of producing the 

30 hollow beads. 30 
Various proposals have been made to produce holk>w vitreous beads with compositions which 
render them less subject to attack by hydrolysis or which confer other special properties on the 
beads. By way of e^tample United States Patent iSk> 3 365 315 (Seek & O'Brien, assignors to 
Minnesota Mining snd Manufacturing Company [3fiVlD describes a process of manufacturing hol- 
ds (ow glass beads directly from pre-formed amorphous glass particles. Preferably the panicles are 35 
of a glass which e»hibrts In the glass mellting furnace a viscosity of the order of 10 poises, or 
an even higher viscosity; and prefsrably the fusion of the glass batch takes place in an onldlsing 
atmosphere. The amorphous gOass particles, unless they contain ab Initio, En consequence of the 
glass formation process, sufficient material which wilt become gaseous during a reheating step, 

40 ere subjected to a treatment causing a quantity of such rriateoiat to become Incorporated in the 40 
glass. These glass particles are converted to minute spherical glass baidoon® or bubbles by 
reheating them, preferably under neutral or reducing conditions, euffidently to render the glass 
plastic but preferably not fluid enough to bs poured except as an extremely viscous liquid. The 
recommended temperature for the bubble formation in the reheating step is between lOO^'C and 

45 300^0 tower than the temperature required for the inrtial glass formation. 45 
The said prior process starting from partlcies of pre-formed glass is liable to result in bubbles 
or beads of which at least a significant proportion do not have a form or a clarity good enough 
to meet the standards sometimes demanded. For example beads having a good standard of 
sphericity are required for light-reflecting purposes. 

50 The present invention arms to proykie a process whereby vitreous beads which are of good 50 
quality In regard to form and clarity can be economically produced and wNch is applicable for 
forming vitreous beads. Including hollow beads, of a wide variety of glass compositions. 

According to the present invention, there Is provided a method of manufacturing vitreous 
beads in which a feedstock comprising vitreous particles Is fad into a furrrace (hereafter called 

55 "spherulizing furnace'*} in which the partkslas are heated to cause them to sphsrulize whereafter 55 
the spherulized particles are cooled, characterised In that the feedstock comprises particles of 
vitreous material which has been subjected to a maximum temperature not enceedlng 1400^0 in 
course of its production, e.g. in a glass-mefting furnace, and in that such feedstock particles are 
heated to a temperature above 1400^0 In the spherulizing furnace. 

60 The invention Includes a method of rrianufacturing vitreous beads, characterised in that vitreous 60 
material is withdrawn from a glass production apparatus, e.g. a glass-melting fumace, at a 
temperature not exceeding 1400°C, such withdrawn material is formed into solid particles, and 
such particles are spherulized In a spherulizing furnace In which they are heated to a temperature 
above 1400*C. 

65 Working in accordance with the present invention enables vitreous beads which exhibit a good 65 
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form and cisrtty, to be productsd ©conomicelly. Besds having any of a wtcfle variety of vitreous 
compositions can be produced by the method. The method can bo used for producing solid as 
well as hollow beads. 

Because the vitreous material has been subjected to a msKimum temperature not exceeding 
S 1400*C In the meMng furnece or other prodtKnion apparatus* It will necessarily be unrefined or 5 
Incompletely refined, and it may be incompletely vitrified. The feedstock will therefore will 
contain a certain amount of dissolved gases and/or gas evolving substances such as sulphates 
or carbonates. On heating of the particles In the spheruHzIng furnace, these gases will be driven 
out of solution or otherwise liberated and will cause ©jtpanslon of at least some o9 the particles 

10 to form hollow beads. 10 
The vitreous material comprising the feedstock particles can derive from a glass-metting 
furnace in which the vitreous material is also being made for other purposes, for example for 
wintdow glazings or hollow-ware, since the material for forming the feedstock particles can 
simply be drawn off from the glass-melting furnace at an approprtette location before it has 

IS reached a temperatuns of so saving fuel. In the case that the vitreous matesrtel is formed 15 

In a glass-production appsratus dedicated solely to the formation of nuFterlat for bead production, 
the method affords an Important economic benefit as compared with the prtor process hereinbe- 
fore referred to for fomning glass bubbles directly from pre-formed glass particles. This benefit is 
attributable to the lower energy requfrsments for producing the vitreous partk;!e@ preparatory to 

20 spheruthation. Because the maximum temperature in the apparatus is only 1400*'C or even less, 20 
use can be made of a glass-metttng ^mace of smaller capacity for a gh/en rate of production so 
giving savings on capital costs and fuel consumption. Also the reSativt^y low maximum furnace 
^mperature sftords the advantage that the refractory material wlOI be eroded less rapidly* 80 
cutting the maintainance costs. That the feedstock must be subjected to higher temperatures fn 

25 the spherultlsfng ^mace does not negate the fuel economiy achieved In to manos^cture of th®- 25 
particulate feedstock. The use of such higher temperatures in the spheruSising furnace promotes 
complete vitrification and refining of the vitreous material of which the resulting beads are 
formed. 

In general the product resulting from operation of a method accordirug to the Invention v^! be 

30 a miKture of solid and hollow beads. The method can be performed to yield a preponderance of 30 
one or the other kind of beads, as witf hereafter be explained. The invention is advantageous for 
solid bead production as well as for hollow bead production but is of particularly notable benefit 
in relation to the production of hollow beads. In this specification, the expression "solid beads" 
denotes beads having a relative density greater than or equal to 1, while the expression "hollow 

35 beads" denotes beads having a relative density less than 1 . It will be borne fn mind that there Is 35 
a nr^filtet for sdld vitreous beads as well as for hollow beads. 

One of the factors influencing the yield of hollow as opposed to solid beads is the way fn 
which gas is liberated in ^e Interior of the feedstock particles during spherulisation. In fact gases 
which are simply dissolved in the feedstock material tend to be driven out of solution at 

40 temperatures which are low in relation tp the spherulizing temperature of the feedstock particles, 40 
and as the particles are heated during spherulization and before the beads are subsequently 
cooled, some of the bubbles formed in the interior of the feedstock may have time to escape. 
This of course would reduce the yield of hollow beads. In order to overcome this, and increase 
the yield of hollow beads, it is especially preferred that said feedstock particles are particles of 

45 Incompletely vitrified material Including chemically bound substance which evolves as gas on 45 
heating In the spherulizing furnace. Such substance may for example be a sulphate or a carbo- 
nate which has not been fully dissolved in the glass and which evoSves SO, or COj as the case 
may be when heated In the spherulizing furnace. Such substances tend to release gases at a 
temperature which is higher than that at which dissolved gases start to be driven off so the time 

50 available for those gases to escape as the beads are be((ng formed is correspondingly reduced, 50 
and consequently the yieid of hollow beads is increased, it is especially preferred that said 
feedstock particles include at least 0.25 by weight of chemically bound substance which be- 
comes evolved as gas on heating of the particles in the spherulizing furnace. 
The amoum of gas evolving substance incorporated In the vitreous materia! from whkih the 

65 feedstock particles are formed tends to Increase accordingly as the vitreous nnateriai is with- 55 
drawn at a lower temperature from the glass-production apparatus. In preferred embodimems of 
the invention, the vitreous particles subjected to spherulization are composed of vitreous material 
which has been subjected to a maximum temperature not exceeding 1370X in course of its 
production. In addition to promoting gas evolution during sphemlization, the adoption of this 

60 feature also promotes fuel economy in view of the lower temperature required. 60 
Another factor Influencing the yield of hollow as opposed to solid beads is the granulometry 
of the vitreous particles feeding to the spherulizing furnace. In general, the smaller the grain size 
of this feedstock, the more likely the resulting beads are to be solid. This is because bubbles of 
gas will preferentially form at discontinuities in the structure of the bead forming material, for 

65 example at a boundary between vitreous phase and a non-vrtreous phase, and the larger the 65 
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beacfl. the mor© chanco th$r® Is that thor© will be sasch e dt® mil insido th© boed, flMng the 
evolved gss less cteinco to 'oscap®. However the oomposiition the vitreous msterlsl of the 
beads, whteh Is Influenced by the msKlnTum temgmotur® t© vifhich It has been subjected during 
Its fonnatlon is. as already stated, an Influentlel fecter. AmJ It ha© been found that hollow glass 
5 beads of ©^"©11 si^®' which there Is an Imporjsint commercial demand, can bo produced 5 
by Q method EccoTd&ig to the invention If the particles feedtng tWs spherullzing furr^ce ere of 
approprlatety small size, Jn some advantageous ®mbodlm©nts of the invention, at least a <?rectCon 
of the particles fiaedSng the spheruitelng fumece are In the ste© range 20/oti to 250/4m. 
Advantageously, the vitreous feedstock particSes arts heated to a maximum spherullzing tsmper- 

10 ature of at least 1500"C in the ©pherulfceing furm^ce. This promotes gas release within the 10 
feedstc^ and Is conduchfs to the production of clo&r be£^. 

Advantageously, the beads, after being coded, are passed to q settling tank containing water. 
TWs is a very simple way of saparatlnQ soled beads from holtow beads. If desired, the hollow 
beads can thefnselvea be separated into different density fractions by feeding them to a settling 

IS tank containing a liquid madBum of appropriate specSfoc gravity. ''S 
The Invention is applicable for the manufectiuire o? vStreouo beads of a wide variety of different 
compositions. In some prefenred embodlmento of the Inventton, said feedstock parttoCes com- 
prise sodo-iime glass. Soda-ftm© gtoas Nis the mertt of belr^ r©3stively easy to manufocture and 
relatively cheap. In other pre^^srred embodimento of the Invention, o®5d feodatock partkileo com- 

20 prise afumfno-sllicate, boro-silteate or alumino-boro-silicat© glass. Such glasses can Impart partteu- 20 
tarly desirable properties to vitreous bead©. Such glasses ere usually low in alkali metal ions, so 
their resistance to hydrolysis is good. Alumino-sHicste glasses in particular have high hardness, 
and alumino-boro-sliicate glasses usually have a high Young's modulus. It is especially desirable 
that hollow vi^eous beads shouW have a good mechanics! resistancs when they bps to be 

25 Incorporated in a plastics material which is to be injectkm mouHdod or extruded, so that they will 25 
be eble to withstand the pressures ilnvolved such operottons. Th® ©doptiSon of this inventSon 
gives special advantages in fuel economy whan used for the production of low'atkali alimmino- 
silicate, boro-ssBicate or alumlno-boro-sSlcat© gjass bead© since batch materilais used tor formiJng 
those gCasses have usuaJHy to be heated to at lesot HSCD'C In a glassHT^eltlng furnace in order to 

30 form en anwrphous glass. For forming beada of siiich a glass by a ntethod in accordance whh 30 
the invention, the melted batch is withdrawn from the melting furnace at a tenvparature olF 
1400*C or even lower. At such temperatures the glass is incompSetely vitrified. Vitrrfteation can 
be completed in the sphenillzing furnace. It is importam to note that the temperature required for 
such completion of vitrific^ion in a spherulixing furnace may be tower than that which would be 

35 required in a glass-melting furnace. 

The invention includes vitreous particles suitable for conversion to glass b^ds In a spherutteing 
furnace, characterised In that said particles are composed of vitreous material which has been 
subjected to a maximum temperature not exceeding I^^OO'C, and preferably not exceeding 
1370*C, In course of Its formation, aru3 at least a fraction of such partteles are in the six® range 

40 20^m to 250/im. Such particles are inexpensive to manufacture, and are very suitable for use as 40 
a feedstock In a method as herein defined. 

The invention also includes vitreous particles suitable for conversion to gtess beads in a 
sphemlizing furnace, characterized in that the said particles are particles of incompletely vitrified 
material which incorporates at least 0.25% by weight off chemically bound substance which can 

45 be converted to gas by heating tfie particles in a spherulizing furnace to bring about their 45 
spherulization. In some embodiments, the said vitreous particles or at least a fraction of them 
are in the aforesaid size range: 20/wn to 250/oti. Partteiea having said amount of gas-evoMng 
substance in chemically bound state are particularly suitable for conversion to hollow glass 
beads. The chemical bonding delays ovokitten of gas In the spherulizing furnace, so promoting a 

50 high yield of hollow beads. Preferably the vitreous material of said particles includes a saW 50 
chemically bound gas-evoMng substance in an amount such that at least 0.25% by weight of 
the particles will be evohfed as gas on heating of the particles to a temperature of 1550*C. 

Advantageously, the vitreous particles are composed of vitreous material which has been 
subjected to a maximum temperature not exceeding 1370*0 in course of its production in a 

55 glass-melting furnace. In addition to promoting gas evolution when the feedstock is eventually 55 
sphemlized, the adoption of this feature also promotes fuel economy during feedstock manufac- 
ture, in view of the lower fumace temperature required. 

In soma some preferred embodiments of the invention, said feedstock particles comprise 
soda-ilme glass, and in other preferred embodiments of the invention, said feedstock particles 

60 comprise alumino-silicate, boro-sllicate or alumino-boro-siticate glass. SO 
The present invention also extends to a method of manufacturing particles which are spheruli- 
zable to fonr* vitreous beads on heating In a spherulizing furnace, which method comprises 
feeding a vitrifiable batch of appropriate composition to a glass-meWng fumace, drawing off melt 
from the fumace before it has been subjected to a maximum temperature exceeding 140CX, 

65 and solidifying the withdrawn melt and reducing It to particle form. This Is a very simple, 65 



4 



GB2178774A 4 



convdniQnt and inexpdnsivd way of maCdng those particles. The mdt can for e)tample be drawn 
off from an appropriate tomparature zon® of a glaas-meWng furnace from whfch melt is also 
drawn off at a high temperature for some other purpose, for example for the manufacture of flat 
glass or hoilow-ware. 

5 In such a method (t Is preferred that the composition of the batch and the furnace conditions 5 
to which the mett Is subjected bofoina withdrawal ere such that the r^esufiting particles are 
particles of incompletely vitrified material wherein a substance which evolves gas on heating to a 
temperature In excess of 700^0 Is chemically bound In an unvltrified phase. It Is especially 
preferred that the composition of the l>atch and the heating conditions to which the melt is 

10 subjected before withdrawal from the glass-melting furnace are su^h that the resulting particles 10 
indude at least 0.2596 of a chemically bound substance which can be evolved as gas by heating 
the particles to a temperature of 1550X. These features promote favoiirabte evolution of gas 
when the resulting feedstock is eventually fed to a spherulizing furnace, and the fomnatlon of a 
high yield of hollow beads. 

15 Prsferebty, the maidmum temperature to which the drawn off melt has been subjected in the 15 
giass-metting furnace is not greater than 1370*'C. This conditbn is associated with narked 
economies fn fuel production and nnaintalnance costs relating to the glass-fnelting fumace, and 
leads to the fbmnation of a product having h^hly desirable properties for the purposes in view. 
Advantageously, the solidified melt is reduced to particles at least a fraction of which are in 

20 the size range 20/ffn to 250/£m. 20 
In some preferred embodiments of the invention, sakj mett is drawn off from the melting sone 
of the glass-melting furnace. Such melt will be unrefined, and will often contain a certain amount 
of undissolved batch matedal which vt^HI evolve gas on further heating e.g. in a spherulising 
furnace. The amount of undissolved batch matereal present can readily be controlled by suable 

25 selection of the position fn the melting 2one from which the mett is drown of?. 25 
It has been found particutarty surtabCe for the pui^mses of thSs Invention to use a gteiss-melttng 
furnace which comprises a throat leading between melting and refining ends of the furnace and 
to draw ssfd mett off from said throat, and this ts sccordingHy preferred. 
Advantageously, said melt is allowed to flow through an opening in tho sole of the g^ss- 

30 melting furnace whereafter the exiting flow of melt is drenched with water to soKdjfy the melt 30 
and shatter it. this is a very simple way of reducing the solidified mett into particulate fonm. 
Alternatively, or in addition, ultra-sonfc vibrattons may be used to shatter the solidified melt. In 
some circumstances, such granules may be of a suitable sise for direct use in a method as 
hereinbefore defined, but if not, they are suitable for feeding to a suitable crushing device, for 

35 example a ball mill, fof further reduction In size. 35 
In some preferred embodiments of the invention, the melt which is solidified and reduced to 
particle form is drawn off from different regions of the glass-meltlrtg fumace. The adoption of 
this feature Is of special value when It Is desired to produce both solid and hollow beads. 
Because there are particles which have been drawn from different regions of the fumace, those 

40 particles will have different gas evolving properties on heating In a spherulizing fumace. By 40 
controtling the relative proportions of such different particles, a measure of control can be 
exercised over the relative proportions of solid and hollow beads which will be produced when 
using them as a feedstock In a method according to the invention. 
Preferred embodiments of the present invention will now be described by way of Example. 

45 45 
EXAMPLE 1 

A conventional vitrlfiabie batch for the manufacture of boro-silicate glass and containing 4% by 
weight sodium sulphate is fed to a glass-melting furnace. Whah, is drawn off from the furnace in 
the form of a thread of liquid just before its temperature has reached 1375**C. This thread of 
50 liquid is cooled harshly by a^ jet of cold water so that It solkllfies and shatters, and the particles 50 
are collected and milled to a mean diameter of 2Sfm to form a feedstock which is spherulizable 
to form vitreous beads. 

The feedstock particles have the following composition by weight. 

55 



60 



The feedstock is injected into the flame of a burner whose maximum flame temperature is 
65 approximately IBSO^C for spherulization, and the beads formed are cooled and collected by 65 
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means of a cycDono, Enspection show© tJm ttva beetls are of subatamteilly dmr glass and are 
well formed. The vftreous beada collected ana ^sed to a settling tank containing water for the 
separation of aolld and hollovb baeda. About 70% by weight of the beads produced ware solid 
with a meana diameter of 25^, the remaindler being hollow with a mean diameter off 40;4m. 
5 In a variarrt of thia ExampI©, the melt Is drawn off? from the glass-malting furnace just before 5 
Its temperature reaches 13S0*C. This has tho effect off Increasing the residual SO3 content of the 
feedstock particles to 0.43%, and on spheru«zetion in the same way, the yield of hollow beads 
is increased to 50%. Again, the result is welt-foirmed beads of substantially clear glass. 

10 EXAMPLE 2 

A conventioiriQl vitrfflabSe batch for the manufacture of soda-lime gllass and containing 4% by 
weight sodium sulphate Is fed to a glass-melting fiimace. Melt is drawn offf from the fiirnace in 
the form of a thread of liquid just before Its temperature has reached 1375''C. The melt is 
solidified as described In Enample 1 and la further reduced to form a feedstock hax^ng a mean 
15 particle atse of lOjum, and the folkiwlng composition by weight. IB 

SiOj 72% 
AlA 0.9 
CaO 8.7 

20 MgO 3,65 20 
Na^O 13.8 
K,0 0.25 
SO, 0.7 

25 The feedstock is Injected into the flame of a burner whose maximum flam® samperatuipe is 25 
approjamotely 1450*C for spherulisation, ©nd the beads formed are cooled and collected by 
meaims of a cyclone. The beads were weil-fomied and substantlallly dear, The vitreous beads 
collected are passed to a settling tank containing water for the separation of solid and hollow 
beads. About 70% by weight of the beads produced were solid with a mean diameter of lO/on, 

30 the remainder being hollow w§th a mean diameter of 12/Emn. 30 

CLAIMS 

I. A method of manufacturing vitreous beads in which a feedstock comprising vitreous 
particles is fed into a furnace (hereafter and in subsequent claims called "sphemiizing furnace") 

35 in which the particles are heated to cause them to sphemlize whereafter the spherulized particles 35 
are cooled, charactedsed in that the feedstock comprises particles of vitreous material which has 
been subjected to a ma«imum temperature not exceeding 14C0'C in course off its production and 
in that such feedstock particles are heated to a temperature above 1400^0 in the spherulizing 
furnace. 

40 2. A method of manufacturing vitreous beads, characterised in that vitreous material Is 40 
withdrawn from a glass-production apparatus at a temperature not exceeding 1400X, such 
withdrawn material is formed into solid particles, and such particles are spherulized in a spheni- 
lizing furnace in which they are heated to a temperature above 140O'C. 

3. A method according to claim 1 or 2, wherein said feedstock particles are particles of 

45 incompletely vitrified material Including chemically bound substance which evc^ves as gas on 45 
heating in the spherulizing furnace. 

4. A method according to claim 3, wherein sakl feedstock particles include at least 0.25% by 
weight of said chemically bound substance. 

5. A method according to any preceding claim, wherein said feedstock comprises particles of 

50 vitreous material which has been subjected to a nriaKimum temparature not exceeding 1370^*0 in 5C 
a glass-melting furnace. / 

8. A method according to any preceding claim, wherein at least a fraction of said particles 
fed to the spherulizing furnace are in the size range 20^ to 250^. 

7. A method according to any preceding claim, wherein said feedstock is heated to a 

55 maximum spherulizing temperature of at least 1500*C in said spherulizing furnace. 55 

8. A method according to any preceding claim, wherein after formation and cooling of the 
beads they are passed to a settling tank for separating hollow, beads from solid beads. 

9. A method according to any preceding claim, wherein said feedstock particles are com- 
posed of soda-lime glass. 

60 10. A method according to any of claims 1 to 8, wherein said feedstock particles are 60 
composed of alumino-silicate, alumino-boro-sillcate or boro-sillcate glass. 

I I. Vitreous particles suitable for conversion to glass beads in a spherulizing furnace, charac- 
terised in that said particios are composed of vitreous material which has been subjected to a 
maximum temperature not exceeding 1400*C in course of its formation and at least a fraction of 

65 such particles are in the size range 20/mi to 250/im. ®^ 
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12. Vfitroous particles suits&>l8 for convorsion zo glass bsads In a spiliGrullsIng furnace, charac- 
terised hi that said partteles are partidas orf incom^etely vitrified matertat which Inccxrporates at 
least 0.2S% by weight of chemlcallv bound subat&nc® w^h can be converted to gas by heating 
the {>art[c!es In a apherulldng furnace to bring about their spherullzatlon* 

5 13. Vitreous particles according to claim 12, wherdn said particles or at least a ^"csction of 5 
them are in the size range 20^ to 2S0/nn. 

14. Vltreoue particles according to any of cildlms 11 to 13, said partteles being pQrtlclies of 
IvKompfetety vitrified material wherein a substance vifhcch evolves gas on heating to a tempera- 
ture In excess of 7WC Is chemically bound in a unvHrified phase. 
10 13. Vitreous particles according to any of claims 11 to 14, wherein the vitreous material 10 
IndudQS chemically bound gas-evoSvEng substance In an amount such that at least 0,2B% by 
weight of the particles can be evolved as gas by heating the particles to a temperature of 
1550X. 

13. Vitreous particles according to any of claiims 11 to 15, said particles being composed of 

IS vitreous material which has been subjected to a nrmtmum temperature not exceeding 1370X in 15 
course of its production. 

17. Vitreous particles according to any of claims 11 to 18, such pmlcles being particles of 
scda-Ume glass. 

18. Vitreous particles according to any of claims 1 1 to 16, sudi particles being particles of 

20 alumino-silicate, alumino-boro-slScate or boro-silicate glass. 20 

19. A method of manufacturing vitreous particles which are spherulisable to form vitreous 
beads on heating In a spherulizing furnace, which method comprises feeding a vitriftablle batch of 
appropriate composition to a glass-melting furnace, drawing off melt from the furnace bcrfore It 
has been subjected to @ nmlmum temperature e^tceedlng 14C0^C, and aoRdl^ing the withdrawn 

2B melt and reducing It to partide form. 25 

20. A method according to cSaim 19, wherein the composition of the batch and the fyrnabe 
conditions to which the m^t is subjected before withdrawal are such that ^e resul^ng particles 
are psrticCes of Incompletely vltrifiied material wherein a substance which evolves gas on heating 
to a temperature in excess of 700X in a furnace is chemically bound in an unvltrified phase. 

30 21. A method according to claim 19 or 20, wherein the composition of the batch and the 30 
fumace conditions to which the melt is subjected before withdrawal are such that the resulting 
particles include at least 0.25% by weight of a chemically bound substance which can be 
evolved as gas by heating the particles to a temperature of 1550%. 

22. A method according to any of claims 19 to 21, wherein ifie ms;dmum temperature to 

35 which the drawn off melt has been subjected In the gtass-meltirtg furrace Is not greater than 36 
1370°C. 

23. A method according to any of claims 19 to 22, wherein the solidified melt is reduced to 
particles at least a fraction of which are in the size range ZOfm to 250^. 

24. A method according to ariy of claims 19 to 23, wher^n said melt is drawn off from the 

40 melting £one of the glass-melting furnace. 40 

25. A method according to any of claims 19 to 24, wherein said gtess-molting fumace 
comprises a throat leading between meldng and reining ends of the fumace and said melt is 
drawn off from said throat. 

26. A method according according to any of claims 19 to 25, wherein said melt is allowed 

45 to flow through an opening in the sole of the glass-melting fumace whereafter the OKiting flow 45 
of melt Is drenched with water to solidify the melt and shatter it. 

27. A method according to any of claims 19 to 26, wherein said vltriflable batch has a 
composition for forming ordinary soda-lime glass. 

28. A method according to any of claims 19 to 26, wherein said vltriflable batch has a 

50 connposltion for forming alumino-silicate glass, boro-sillcate glass or alumino-boro-sillcate glass. 50 

29. A method according to any of claims 19 to 28, wherein the melt which Is solidified and 
reduced to particle form is drawn off from different regions of the glass-melting fumace. 

CLAIf^^S 

55 Amendments to the claims have been filed, and have the followng effect:- 55 
New or textually amended claims have been filed as follows:- 

30. A method according to any of claims 1 to 10, wherein said feedstock comprises 
particles of incompletely refined or vitrified glass. 

31. A method of manufacturing vitreous beads In which a feedstock comprising vitreous 

60 particles is fed into a furnace (hereafter called "spherulizing fumace") in which the particles are 60 
heated to cause them to spherulize whereafter the spheruiized particles are cooled, characterised 
in that the feedstock comprises particles of Incompletely refined or vitrified glass and in that 
such particles are heated In the spherulizing fumace to a temperature such that they become 
further refmed or vitrified. 

65 32. A method according to any of claims 19 to 29, wherein the melt which is drawn off, 65 
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solidified and reduced to particle form comprises incompletely refined or vitrified glass. 

33. A method of manufacturing vitreous particles which are spherultzat)le to form vitreous 
beads on heating in a spherutizing furnace, which method comprises feeding a vitrtfiable batch of 
appropriate composition to a glass-melting fiimace, drawing off unrefined or incompletely refined 

5 molten glass from the ftimacet and solidifying the withdrawn incompletely refined or vitrified 5 
glass and reducing it to particle form. 

34. A method according to any of claims 30 to 33, wherein said incompletely refined or 
vitrified glass includes by vt^eight at least 0.296 undlssoh/ed silica. 

35. A method according to claim 34, wherein said incompletely refined or vitrified glass 

10 fncludes by weight between 0.2% and 2% undissolved silica. 10 

36. A method according to claim 35, wherein said incompletely refined or vitrified glass 
includes by weight between 0.2% and 0.5% undlssoh/ed silica. 

37. A method according to any of claims 30 to 36, wherein said incompletely refined or 
viuified glass is drawn off from a glass melting furnace at a location In the melting end thereof. 

IS 38. A method according to any of claims 30 to 37, wherein said incompletely refined or 15 
vitrified glass Is drawn off from a glass melting furnace at a location close to the hot spot 
thereof. 

39. A method according to any of claims 30 to 38, wherein said incompletely refined or 
vitrified glass Is drawn off from a glass melting furnace at a location within the upper or lower 

20 one-third of the deptfi of the melt ther«n. 20 

40. A method according to claim 39, wherein safd incompletely refined or vitrified glass Is 
drawn off from a glass melting furnace through Its sole. 

41. Vitreous particles manufactured by a method which Is according to any of claims 19 to 
29, and/or according to claim 32 or 33, and/or according to any of claims 34 to 40 when 

25 dependent upon either or both of claims 32 and 33. 25 

42. Vitreous beads manufactured by a method which Is according to any of claims 1 to 11, 
and/or according to claim 30 or 31, and/or according to any of claims 34 to 40 when 
dependent upon either or both of claims 30 and 31. 

43. Vitreous particles according to any of claims 11 to 18, safd particles being particles of 

30 incompletely refined or vitrified glass. 30 

44. Vitreous particles suitable for conversion to glass beads in a apherulizing furnace, charac- 
terised in thst ssld particles are composed of incompletely refined or vitrified glass and In that at 
least a fraction of such particles are in the size range 20/im to 250/tm. ^ 

45. Vitreous particles according to claim 43 or 44, wherein said incompletely refined or 

35 vitrified glass includes by weight at least 0.2% undissolved silica. 35 

46. Vitreous particles according to any of claims 43 to 45, wherein said Incompletely refined 
or vitrified glass includes by weight between 0.2% and 2% undissolved silica. 

47. Vitreous particles according to claim 46, wherein said incompletely refined or vitrified 
glass includes by weight between 0.2% and 0.5% undissolved silica. 
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